Lactic acid bacteria (LAB) confer many advantages to humans and animals and they provide natural protection against bacterial pathogens such as Salmonella typhymurium and Eschericia coli. LAB strains have been isolated from various animal sources but from this research LAB were isolated from quail's (Coturnix coturnix Japonica) intestine. About 12 strains were isolated from the quail's intestine; and out of these, 5 samples (S1-1B, S2-1A, S2-1B, S2-2B and S3-1A) produced lactose on lactose test. All of these strains appeared to be non-motile coccus with gram positive morphology, catalase-negative and oxidase-negative. These strains showed antimicrobial activities (inhibition zones) against indicator bacterium, i.e., Staphylococcus aureus, Escherichia coli and Salmonella typhimurium using agar well methods. PCR amplification of 16S ribosomal RNA revealed that these five isolates show highest sequence similarity with other LAB strains isolated from other animals which include common genera such as Enterococcus and Lactobacillus. Strain S1-1B, S2-1B and S2-2B were highly similar with Enterococcus faecium, strain S3-2B with Enterococcus durans and S2-1A with Lactobacillus salivarius. This work shows that common LAB species were isolated from intestinal tissues of Malaysian quail (Coturnix Japonica) which were able to produce antimicrobial activities against pathogenic strains.
Lactic acid bacteria (LAB) confer many advantages to humans and animals and they provide natural protection against bacterial pathogens such as Salmonella typhymurium and Eschericia coli. LAB strains have been isolated from various animal sources but from this research LAB were isolated from quail's (Coturnix coturnix Japonica) intestine. About 12 strains were isolated from the quail's intestine; and out of these, 5 samples (S1-1B, S2-1A, S2-1B, S2-2B and S3-1A) produced lactose on lactose test. All of these strains appeared to be non-motile coccus with gram positive morphology, catalase-negative and oxidase-negative. These strains showed antimicrobial activities (inhibition zones) against indicator bacterium, i.e., Staphylococcus aureus, Escherichia coli and Salmonella typhimurium using agar well methods. PCR amplification of 16S ribosomal RNA revealed that these five isolates show highest sequence similarity with other LAB strains isolated from other animals which include common genera such as Enterococcus and Lactobacillus. Strain S1-1B, S2-1B and S2-2B were highly similar with Enterococcus faecium, strain S3-2B with Enterococcus durans and S2-1A with Lactobacillus salivarius. This work shows that common LAB species were isolated from intestinal tissues of Malaysian quail (Coturnix Japonica) which were able to produce antimicrobial activities against pathogenic strains.
INTRODUCTION
In Malaysia, Coturnix cortunix japonica is the common species of quail that is used commercially for meat and egg production [1] . Since 1995, in Malaysia alone the demand for quail is reported to increase at 20-25% per year [2] . Other than poultry, quail has played many important roles in industry and research as it has small size, low husbandry costs, short generation interval and adaptability to a wide range of husbandry conditions [3] . As they it is easy to handle, it has been commercialized widely in farming industries providing developing countries with a stable source for alternative animal proteins. Quail contains high protein content in its digestive tract in which specific epithelial cells secrete mucus, protecting it from pathogenic bacteria [4] . However, similar to poultry, quail is also vulnerable to gastrointestinal disease involving esophagus, stomach, small and large intestines. In order to meet the growing demand, large scale quail production will require good fertility, hatchability and healthy chicks [5] . The use of antibiotic in animal feeding has resulted in the emergence of antibiotic resistance bacteria. Probiotic such as Lactic acid bacteria (LAB) can be a useful substitute that can also benefit animal growth and disease resistance. LAB typically are organotrophic, and a strictly fermentative gram-positive rod or coccus, non-spore former, catalase negative, aerotolerant, acid tolerant, producing lactic acid as a major end product. LAB are recognized as GRAS (Generally Recognized as Safe) and they are commonly used as starter culture in many traditionally fermented foods of many countries. LAB consist of various genera of which some of these are recognized as probiotics, such as Lactobacillus, Lactococcus, Enterococcus, Carnobacterium, Streptococcus and Bifidobacterium. Since some of LAB are able to transfer multidrug resistance gene [6] , assigning of all LAB genera into potential probiotic are widely debated. Consequently, a detailed characterization on the safety use of LAB species remains a subject of intense research. There are many studies reported on the beneficial use of certain LAB strains in animal feeding. For instance, the use of probiotic from strain Lactobacilus fermentum AD1 resulted in 14% weight gain in Japanese quail [7] . In addition to our previous works on LAB screening from various local sources such as fermented food [8] , broiler chicken [9] , rabbit [10] and catfishes [11] ; this work reports on several LAB strains isolated from quail's intestine with the objective to identify the diversity of LABs in quail. Future exploration of this LABs as well as the antimicrobials they produce would enable their uses as probiotic sources for quails or poultry feeding.
EXPERIMENTAL
Several 15 to 20 days old quails (Coturnix coturnix japonica) were purchased from local farmers near Jerteh, in the state of Terenganu, Malaysia. Three quails were slaughtered and the gastrointestinal tract (GIT) was dissected and weighed. Each intestinal tissues was chopped and labeled. These samples were dispensed (~5g each) into a universal bottle with 5ml nutrient broth and vortexed. Two folds of serial dilution were done to each sample using MRS broth, and 100 μl of each dilution was spread on MRS agar and incubated at 37ºC for 48 hours under anaerobic condition using anaerobic jar. Single colony appeared was picked up and sub-cultured on MRS agar. Colonies were propagated on MRS medium, and the stock culture (glycerol 80%) were prepared until further use. The lactose test and other standard biochemical test such as catalase, oxidase, and motility tests were carried out on each isolated strain.
All five lactic acid bacteria samples were tested for their antimicrobial activities by agar well diffusion method using three indicator strains, i.e. Staphylococcus aureus, Salmonella typhimurium and Escherichia coli. For negative control, the nutrient broth was used. The inhibition zones were measured (in mm) and the results were the mean of the duplicates.
PCR amplification was performed for 16S ribosomal RNA gene using universal primer. Genomic DNA was extracted from all isolates using GF-1 DNA Extraction kit (Vivantis). PCR amplification using universal primer for 16S rRNA gene was 5'-AGA GTT TGA TCC TGG CTC AG -3' (for forward) and 5'-AAG GAG GTG ATC CAG CCG CA -3' (for reverse). The gene amplification was carried out in total a volume of 50 µl reaction mixture containing 1 µl template DNA (10ng), 1 µl dNTPs (10mM), 5 µl 5x PCR buffer, 0.5 µl Taq DNA polymerase, and 1.0 µl of each primer. PCR amplification (Mastercycle, Germany) was done with initial denaturation (94°C, 2 min) followed by 25 cycle of denaturation (94°C, 1 min), annealing (55°C, 1 minute) and extension (72°C, 1 min) and this was followed by a final extension (72°C, 10 min). PCR products were analyzed by 1% agarose gel electrophoresis. The result of DNA migration within the gel electrophoresis was viewed under UV light and photographed using Gel Documenter (AlphaImager™ 2200). PCR product for each sample was subjected to sequencing (1st Base Laboratory, Malaysia). The DNA sequences were edited, trimmed to remove noise and aligned before being analyzed for similarity by using BLASTN search tool (NCBI). The sequences were also used for phylogenetic analysis, in which the evolutionary history was inferred using neighbor-joining method. The phylogenetic tree was computed using software MEGA 6.0.
RESULTS AND DISCUSSION
From this work, a total of 12 LAB strains were isolated from quail intestines. Out of these, only 5 strains (S1-1B, S2-1A, S2-1B, S2-2B and S3-2B) were found to be lactose positive on lactose agar medium, both catalase and oxidase negative as well as lack of motility (see Table 1 zones of inhibition against the three indicator strains, I.e., Escherichia coli, Staphylococcus aureus and Salmonella thyphimurium. As shown in Figure  1 , the sizes of inhibition ranged between 12.0mm to 15.0mm (see also table 2). Isolate S2-1A recorded the highest inhibition of 15.0mm. For all of these strains, NaOH neutralised cell supernantants were able retained these inhibitive properties, and this indicated that the inhibitions were not due to acid produced by the bacteria. The antimicrobial action of LAB is mainly due to various factors including the production of metabolites such as organic acids (lactic and acetic acid), hydrogen peroxide, ethanol, diacetyl, acetaldehyde, acetoine, carbon dioxide, reuterin, reutericyclin and bacteriocins [12] . Bacteriocin or small peptides usually produced by LABs antagonises closely related gram positive bacteria. Further tests will be required to confirm if the inhibitory compounds are protein or peptides. Based on rRNA sequencing, three of 4 isolates, S1-1B, S2-1B, S2-2B and S3-2B showed highest similarity with Enterococcus sp.; namely Enterococcus faecium and Enterococcus durans. Among LAB, Enterococcus sp are the most ubiquitous in terms of habitats, and this genera are very common for bacteriocinogenic activities against Listeria moncytogenes. These were also frequently identified species from poultry fecal samples [13] . Enterococcus faecium is a commensal bacterium of human and animal gastrointestinal tract and it is commonly implicated as nosocomial pathogen. Its ability to develop resistance to multiple antibiotics, including vancomycin is an emerging treat to human health [14] . However, many benefits of using Enterococcus sp. as probiotics source are continously being reported. Enterococcus faecium strains isolated from Thai native chickens showed better performances in acid and bile tolerance, intestinal mucus attachment, pathogenic bacterial inhibition, and bacteriocin production [15] . Meanwhile, Enterococci isolated from the crop and caecum of Japanese quails were subjected to storage studies [3] . Meanwhile, Enterococcus durans, a gram positive and non-motile bacteria was isolated from human, veterinary or clinical materials, and also from food and the environment. However, compared to Ent. faecium, Ent. durans is a rare opportunistic pathogen.
Isolate S2-1A possess the highest sequence similarity with Lactobacillus salivarius. This LAB strain showed to have high adhesion capacity to intestinal cell lines of chicken and ducks, a desirable properties of probiotic [16] . Lactobacillus salivarius strain UCC118 was isolated from the ileal-cecal region of an adult and it has a spectrum of probiotic features, such as resistance to acid and bile [17] . Studies on chicken microbiota found that Lactobacillus salivarius, Lactobacillus reuteri, and Lactobacillus acidophilus occupied the crop and these species were existing throughout the chicken digestive tract [18] . This strain exhibited promising therapeutic potential and administration of Lactobacillus salivarius had successfully influenced the gastrointestinal flora, attenuate inflammation, and reduced neoplastic lesions in knockout mice [19] . This strain also produces a potent broad-spectrum class II bacteriocin Abp118 which is active against Listeria monocytogenes, an invasive foodborne pathogen. Genus Lactobacillus is highly desirable for modern food and feed technologies as it has commercial probiotic value [20] .
Based on phylogenetic tree constructed as shown on Figure 3 , samples S3-2B, S1-1B, S2-1B and S2-2B are clustered together in a branch, but separated from S2-1A which is clustered with Lactobacillus salivarius. Enterococcus faecium, Enterococcus durans and Lactobacillus salivarius belong to the same clade which is further connected to other clades containing other gram positive bacteria Pediococcus pentosaceus, Weissella cibaria and Leuconostoc citreum, . These bacteria are all belonged to phylum Firmicutes, class Bacilli and order Lactobacillales.
CONCLUSIONS
In this work, five LAB strains were successfully isolated from intestines of Malaysian quails. These strains belong to common genera of LABs frequently isolated from other animals such as Enterococcus sp. and Lactobacillus sp. These strains were all demonstrated antibacterial activities against gram positive pathogenic bacterium such as Staphylococcus aureus and gram negative bacterium such as Escherichia coli, and Salmonella thyphimurium. Future characterization on the antibacterial component produced from these strains will enhance their uses as potential probiotic sources for animal and antibacterial agents.
